Introduction
Ionic liquids are also known as low temperature molten salts. Due to their fascinating properties [1] , especially negligible volatility and non-flammability, ionic liquids have been employed as potential alternatives for the replacement of traditional organic solvents [2] . By varying the functionality of either the cation or the anion, the potential to tune physico-chemical properties of ionic liquids has also been realised [3] [4] [5] , which subsequently leads to the application of ionic liquid mixtures. There are a vast number of cation-anion combinations which can yield over 10 6 possible primary ionic liquids and at least 10 12 binary and 10 18 ternary ionic liquid mixtures respectively [6] . To date, the widespread use of a series of families of ionic liquids has been carried out in many research areas, such as organic/inorganic synthesis [7, 8] , electrochemistry [9] , catalysis [10, 11] , phase separation [12, 13] , CO2 capture [14] and material science [15] . However, the investigation of ionic liquids has been mainly focused on primary ionic liquids, i.e.
imidazolium [8] and pyridinium [16, 17] . For the purpose to extend the scope of application of ionic liquids, a proper selection of binary and/or ternary ionic liquid mixtures is considered as an effective pathway [18, 19] . X-ray photoelectron spectroscopy (XPS), as an effective method to reveal information, such as the elemental composition, surface enrichment, the subtle change of the electronic environment of a certain component present in an ionic liquid [20, 21] , the cation-anion interaction [22] [23] [24] and the catalyst-ionic liquids interaction [25, 26] , has been successfully used to investigate ionic liquids. XPS analysis of binary ionic liquid mixtures has also been conducted for a series of families of ionic liquids, especially imidazolium [27] . By properly using binary ionic liquid mixtures, i.e. a definite cation and two anions with different basicity, the electronic environment of the caiton can be effectively tuned [27] . It is expected that the opposite is also true since recent studies have probed the impact of the acidity of the cation on the electronic environment of the anion [28] . It inspires an idea to illustrate the possibility to tune the electronic environment of the anion by using binary ionic liquid mixtures composed of a common anion and two cations with different acidity. Materials: All chemicals were purchased from Sigma-Aldrich or Alfa Aesar and were used as received except for 1-methylimidazole, which was distilled over calcium hydride prior to use. The procedure for the synthesis of ionic liquids, NMR data and XP spectra of ionic liquids can be found in more detail in Supplementary Information. XPS Data Collection: All XP spectra were recorded using a Kratos Axis Ultra spectrometer employing a focused, monochromated Al Kα source (hn = 1486.6 eV), hybrid (magnetic/electrostatic) optics, hemispherical analyser and a multi-channel plate and delay line detector (DLD) with a X-ray incident angle of 30° and a collection angle, θ, of 0° (both relative to the surface normal). X-ray gun power was set to 100 W. All spectra were recorded using an entrance aperture of 300 ´ 700 µm with a pass energy of 80 eV for survey spectra and 20 eV for high-resolution spectra. The instrument sensitivity was Ionic liquid samples were presented as thin films (approx. thickness 0.5-1 mm) on a stainless sample bar. Pumping of ionic liquids was carried out with care as the high viscosities associated with these samples meant that significant bubbling due to removal of volatile impurities was observed. The preparation chamber pressure achieved was ≈ 10 -7 mbar. The samples were then transferred to the main analytical vacuum chamber.
The pressure in the main chamber remained below 1 ´ 10 -8 mbar during all XPS measurements, suggesting that all volatile impurities, such as water, are removed, leading to high purity samples. XPS Data Analysis: For data interpretation, a spline linear background subtraction was used. Peaks were fitted using GL(30) lineshapes; a combination of a Gaussian (70%) and Lorentzian (30%) [29] . Fitting of C 1s spectra for imidazolium-based ionic liquids were conducted according to Ref. [30] . Fitting of C 1s spectra for phosphonium-based ionic liquids were carried out according to Ref. [31] . All XP spectra in this study were charge corrected by setting the binding energy of Caliphatic 1s to 285.0 eV [22, 23, [32] [33] [34] .
To aid visual interpretation of the XP spectra, all spectra were normalised to the fitted area of F 1s peak of [C8C1Im][Tf2N] or Cl 2p3/2 peak of [C8C1Im]Cl. The normalisation is applied to all XP spectra for a particular ionic liquid, and therefore does not affect the relative ratios of different elements within the ionic liquid.
Survey XP spectra indicate that no silicon or oxygen impurities were detected, as has been observed previously for ionic liquids using XPS [35, 36] . In addition, no additional hydrocarbon signal was observed, indicating that the samples were of high purity, as shown in Figure S1 -S6 (see Supplementary Information).
Results and Discussion

For the more basic anion
When the basicity of the anion is higher, the charge-transfer effect between the cation and the anion is significant. Therefore, the acidity of the cation can effectively influence the electronic environment of the anion, given the large deviation in cation acidity [28] .
In this paper, we choose two types of cations, Table 1 as well. The dramatic decrease in binding energy for [P6, 6, 6, 14] Cl is due to the less acidity of the [P6, 6, 6, 14] + cation (α=0.09 [37] ), when compared to that of the [C8C1Im] + cation (α=0.31 [37] ). It confirms the conclusion of the previous study that the less acidic the cation, the less charge is transferred from the anion to the cation [28] . Consequently, Cl -is left bearing more negative charge and exhibits lower binding energy. 
For the less basic anion
When the basicity of the anion is low, the charge transferred from the anion to the cation is less. Therefore, the impact of the cation acidity on the electronic environment of the anion-based component is thought negligible. In some critical cases, when the difference in cation acidity is large, such effect has been found concentrated on the atom within the anion bearing more point charges [28] . In this study, we choose the two cations with large deviation in acidity, aiming to ensure measurement of binding energy shifts larger than the experimental error. It has to be noted that the experimental error associated with XPS is of the order ± 0.1 eV. Consequently, any reported shift in binding energy should be no less than 0.2 eV. Otherwise, a series of samples have to be included to demonstrate the trend of the change in binding energy.
As shown in Figure 2 and Table 1 in more detail. It concludes that even in the case of the less basic anion, the electronic environment of the anion can be tuned by using the binary ionic liquid mixture as well, as long as the difference in acidity between the two employed cations is large enough. 
